Abstract. Tumor-infiltrating lymphocytes (TILs) are produced by resecting tumor tissue and growing and expanding ex vivo large quantities of autologous T cells. Once the TILs are ready for infusion, the patient undergoes a non-myeloablative lympho-depleting course of chemotherapy and subsequent TIL infusion with high-dose bolus IL-2. This study reviews the surgical experience of the TIL program at the Chaim Sheba Cancer Research Center in Israel. Eligible patients underwent surgical consultation to determine what tumorectomy would be beneficial for harvesting appropriate tissue. Factors involved in the decision included tumor mass size, location and morbidity of the procedure. Between January 2006 and May 2010, 44 patients underwent 47 procedures of adoptive transfer of TILs. Three patients underwent the procedure twice for recurrence after initial good responses, including an additional surgical procedure to produce fresh tumor. Thirty-seven excisions were with general anesthesia and 10 were with local anesthesia. Of the 37 general anesthesia procedures, 27 were open procedures involving a thoracotomy, a laparotomy or dissection of a major lymph node basin. Ten used minimally invasive techniques such as thorascopy or laparoscopy. Tumorectomy sites included 18 lymph node metastasis, 13 subcutaneous nodules, 11 lung specimens and 5 abdominal visceral metastasis including 2 liver lesions. Surgical mortality and major morbidity was 0%. Minor morbidity included only wound complications. Maximal number of TILs were derived from lymph node specimens, while liver metastasis procured the fewest TILs. Adoptive cell transfer technology affords a maximal tumor response with minimal surgical morbidity in metastatic patients.
Introduction
Metastatic melanoma has a poor prognosis, with a median survival of 6-10 months (1, 2) . Treatment options for metastatic melanoma patients are very limited. Currently, interleukin-2 (IL-2) and dacarbazine (DTIC) remain the standard of care for metastatic melanoma, while other therapeutic options are still undergoing clinical trials (3) . It is generally accepted that surgery has no role in the treatment of metastatic patients except in certain special circumstances.
Recently, new breakthroughs are being made in the technology of adoptive cell transfer using tumor-infiltrating lymphocytes (TILs) (4) (5) (6) (7) . TILs are produced by resecting tumor tissue and growing and expanding ex vivo large quantities of these autologous T cells. Once the TILs are ready for infusion, the patient undergoes a non-myeloablative lympho-depleting course of chemotherapy, and then receives the TIL infusion in conjunction with high-dose bolus IL-2 to maintain the activity of the cells in vivo. Using this technology, we previously reported a tumor response in up to 50% of refractory patients treated, as well as complete remissions in 13% of patients (8, 9) . These results surpass the current accepted response rate of IL-2-based regimens of approximately 20% (10, 11) .
However, this protocol of treatment is a very labor-intensive procedure that requires considerable multi-disciplinary cooperation. In particular, given that all patients need fresh tumoral tissue to procure TILs, all patients must undergo a surgical procedure to harvest tumor for the laboratory. Since the population of metastatic melanoma patients is very heterogeneous as far as the location and extent of their disease, as well as their particular performance status, the range of procedures carried out to accomplish tumor harvest is quite varied. This study reviews the overall surgical experience of the TIL program of the Ella Institute of Melanoma at the Chaim Sheba Cancer Research Center in Israel. As this technology is a burgeoning and growing field, currently performed in only several cancer centers worldwide, we believe it would be beneficial to report our experience concerning specific surgical aspects of this program, for the benefit of any surgical oncology unit contemplating this type of treatment modality. The TIL protocol has been previously extensively described by Dudley et al (12) and recently by Itzhaki et al (9) . In brief, eligible patients underwent surgical consultation to determine what tumorectomy would be beneficial for harvesting appropriate tissue. Factors involved in the decision included tumor mass size, location, degree of dissemination and morbidity of the procedure. The minimum size of a resected tumor was at least 2 cubic centimeters in volume. The tumor was readily accessible for surgical extirpation. The mass was best chosen when heavily infiltrated by the melanoma tumor, usually discernable by strong PET avidity. Once the appropriate surgical procedure was decided upon, the patient underwent surgery in coordin ation with the TIL laboratory staff to assure timely acquisition of fresh tumor tissue. The excised tumor was transferred to a sterile container with saline and brought within a short time to the laboratory, usually within 1 h of excision. The tumor was sliced into small pieces, approximately 2-3 mm in size (13). The tumor fragments were then transferred to 24-well tissue culture plates for generating TIL cultures for future expansion. The first 12 treated patients in the program underwent the 'selected' TIL protocol, in which different TIL cultures were co-cultured with autologous melanoma tissue and evaluated for IFN-γ release as described by Dudley et al (12) . However, subsequent patients underwent a modification of the original protocol called 'young' TILs, in which the TIL cultures were grown as one bulk after pooling all lymphocytes together (9, 13, 14) . This modification has resulted in a shorter time to TIL infusion and more promising responses, as we previously reported (8, 9) . Selected TILs are ready for infusion approximately 5-7 weeks after tissue procurement, while young TILs can be ready within 4-5 weeks of tissue procurement. In both techniques, after establishing a sufficient number of cells, between 30-50x10 6 cells, the TILs are rapidly expanded 1000-fold to treatment levels, in a process called REP (rapid expansion), reaching approximately 40x10 9 cells. The medium is then drastically reduced by apheresis prior to administration (15) .
Seven days prior to TIL infusion, non-myeloablative chemotherapy was administered to deplete the population of current lymphocytes in the patients. The regimen included cyclophosphamide (60 mg/kg) on days 7 and 6 and fludarabine (25 mg/m 2 ) on days 5-1. On day 0, TILs were administered intravenously over 30 min followed by bolus high-dose IL-2 every 8 h to tolerance. Response to treatment was evaluated by CT scan 4 weeks after treatment and every 3 months subsequently.
Results

Patient demographics and treatment protocols.
Between January 2006 and May 2010, 44 patients underwent adoptive transfer of TILs. Three patients underwent the procedure twice, for recurrence at 20, 13 and 12 months after their initial procedures, resulting in a total of 47 treatments. These 3 patients had an additional surgical procedure to procure fresh tumor for their second infusion. The first 12 patients received 'selected' TIL infusions. Thirty-two patients underwent infusion with 'young' TILs. An additional 2 patients underwent both selected and young TIL infusion. One patient underwent young TIL infusion twice. One patient did not receive cyclophosphamide in the depletion chemotherapy regimen, due to being heavily pretreated in the past with chemotherapy. The cohort is described in Table I .
Type of anesthesia. Of the 47 procedures carried out in order to procure the TILs, 37 procedures were conducted under general anesthesia, while the remaining 10 procedures were performed under local anesthesia. The 10 local anesthesia procedures were all excisions of subcutaneous tumor nodules, easily palpated and resected in a day surgery setting, involving minimal patient discomfort and without need for overnight hospitalization.
General anesthesia procedures. The 37 procedures performed under general anesthesia were major procedures requiring in-house hospitalization and overnight stay. These procedures involved resection of tumors either in lymph node basins, parenchymal metastatic tissue or very large subcutaneous lesions. Twenty-seven of these operations were 'open' invasive procedures, meaning an open thoracotomy, laparotomy or dissection of a major lymph node basin. Ten patients underwent minimally invasive surgery, by use of a thoracoscope or laparoscope.
The thoracoscopic procedures were all VATS (videoassisted thoracoscopic surgery) resections of lung parenchyma with metastatic lesions. The two laparoscopic procedures were one laparoscopic hepatic resection and one laparoscopic splenectomy.
The 47 procedures included various sources of tumor. The largest group were patients having lymph node excisions from the major lymph node basins, either axillary or groin, of which there were 18. Thirteen patients had subcutaneous nodules excised, including one breast lumpectomy for a metastatic breast mass. There were 11 lung excisions. Abdominal non-lymphatic excisions included two small bowel resections, two liver resections and one splenectomy. A summary of the operations performed is presented in Table II .
TIL numbers infused.
The average number of TILs infused to all patients was 39.4x10 9 cells. There was no statistical difference between the different sources of tumor tissue used, except liver metastasis, of which there were only 2 cases. The liver metastases produced a much smaller amount of infused TILs.
Clinical data. Mortality and major morbidity for all 47 surgical procedures was 0%. Minor morbidity related to surgery comprised of only minor wound infections. In no cases was TIL infusion delayed due to a surgical complication. In a previous report, we published data on the clinical responses of 20 young-TIL patients (8) . Out of 20 evaluated patients 10 (50%) patients achieved an objective response rate according to the Response Evaluation Criteria In Solid Tumors (RECIST) guidelines (16), including two ongoing complete remissions and eight partial responses (PR). Presently, overall evaluable patients of the TIL program include 15 (48%) of 31 evaluated patients experiencing an objective response (OR), among them 4 complete and 11 partial responses. Nine patients show disease stabilization (SD) with 2 having a minor response, although not qualifying them as partial responders. Seven patients progressed after treatment (PD).
Discussion
Adoptive cell therapy with TILs is proving to be an effective treatment for metastatic melanoma in patients who have failed current standard therapy (8, 17) . However, due to its complex nature, with the many varied aspects which are involved in procuring and administering TILs, this technology requires a considerable multi-disciplinary infrastructure. The labor intensive nature of TIL protocols has been a limiting factor in its widespread use. Our program has increasingly looked for ways to streamline the process in order to both simplify the technique and increase the efficacy of the infused lymphocytes. The surgical oncology team is a critical part of the overall effort and must work in close coordination with the laboratory and the medical oncology team.
It is of vital importance that the fresh tissue be made readily available to the laboratory within a short time of surgical extirpation. In general, our specimens were often made available to the laboratory within minutes of surgery, before the patient had left the operating room. The tissue was transported to the laboratory in sterile containers and on the cutting board and ready for fragmentation or digestion within one hour. This was to ensure that a maximal number of TILs would be available and viable for starting the tissue cultures.
This may have significant clinical impact. We have already shown that infusing a larger amount of TILs into a patient was positively correlated with response to treatment (8) . This is probably due to the high concentration of CD8 killer T cells in the infusion. Interestingly, our 2 liver resections produced the fewest number of TILs. The TIL program of the Surgical Branch of the National Institutes of Health (NIH) recently reported their experience with hepatic resections for TIL procurement (18) . In their series, 13 patients underwent TIL infusion derived from hepatic lesions with an overall response rate of 40% (6 patients). The NIH group also reported that it was more difficult to grow TILs from gastrointestinal metastasis, excluding the liver, than from lung, lymph node or liver metastases. The small number of liver tumor resections precludes drawing definitive conclusions from our data. However, we were able to grow a sufficiently large amount of TILs for therapy from 2 gastrointestinal resections and 1 spleen metastasis, while liver tissue yielded much fewer cells. In general, the laboratory has successfully been able to grow TILs from almost any tissue source, so that the surgical procedure is by most part decided by tumor mass size and surgical accessibility and morbidity of the procedure.
Another vital aspect of the program is to have the patient ready in time for treatment. Since switching to the young TIL protocol, the goal of the laboratory team is to have a sufficient number of TILs ready for infusion by 28 days after starting tissue culture. The non-myeloablative chemotherapy regimen begins 7 days before TIL infusion. Thus, the patient must be fit and ready to undergo treatment at 3 weeks post surgery. For minor procedures carried out under local anesthesia this is generally not a problem. But when more complex procedures are conducted, particularly involving metastasectomy from the thorax or abdomen, surgical complication can needlessly delay treatment. Therefore, the choice of which procedure to conduct to procure the tumor may affect the timing of subsequent treatment. Because of this limitation, it is always in our interest to attempt thoracic or abdominal resections in a minimally invasive manner where possible. This is in order to keep morbidity to a minimum as not to delay treatment because of surgical complications. In our cohort of 47 procedures, 37 of which were major oper ations under general anesthesia, we did not experience any mortality or morbidity which precluded treatment.
When we used the selected TIL protocol which involved a longer process to produce treatment-ready TILs, one of the concerns was patient drop out due to disease progression during the wait until the cells were ready for infusion (13) . The use of young TILs, as well as safe low-morbid surgery has contributed to almost all enrolled patients succeeding in undergoing the treatment regime without delay.
It is of note that this platform of adoptive cell transfer with TILs can be adapted for use in other solid tumors. A Swedish research group recently published a study using adoptive cell transfer with TILs procured from sentinel lymph nodes in the treatment of advanced colorectal cancer with promising results (19) . Once the infrastructure of the laboratory process of producing TILs is in place, the use of other tumoral tissue does not require any major changes to the protocol. Thus, the use of this technology can be readily expanded to include many other tumor types. The TIL program is an ongoing program which we are learning to improve as we go along, and it is our hope that as we gain more and more experience, we can improve the quality of care for these high-priority patients. In conclusion, this study examined the specific surgical aspects of adoptive cell transfer with TILs for metastatic melanoma. Our experience has shown that careful surgical planning in conjunction with a high degree of multi-disciplinary cooperation allows for successful implementation of such a program within a large university-based hospital setting. In addition, this technology affords a maximal tumor response with minimal surgical morbidity for metastatic melanoma patients.
